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& , : 

Systems and methods for passively calibrating and correcting for I/Q 
mismatch in a quadrature receiver without the necessity of modifying the analog 
portion of the receiver by adding calibration signals or correction circuitry are 
presented. The passive I/Q mismatch calibration system proceeds using 
normally received incoming transmitted data signals to obtain statistical 
information on which to base I/Q mismatch compensation factors. The I/Q 
mismatch compensation factors can be used to adjust the magnitude and phase 
response in the time domain or the frequency domain, the analog or the digital 
portion of the receiver. Depending on the embodiment, the passive I/Q 
mismatch calibration system can calibrate frequency dependent gain or 
magnitude imbalance, frequency independent magnitude imbalance, frequency 
dependent phase imbalance, and frequency independent phase imbalance or 
combinations or these. 
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£ ' £**&;&##i$4L&te*[H4&ge.* 1 ° »fcFDPM4L#^ 
<i«P^***S-4&iiiftifeS(LPF) 240-1 - 240-Q^Pa1^£ JL - 

w *> it a. n * 2! it m $ is] ^ y a - # #j & £ t 
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i& ft & # $ • *» ft -ft itb & % t & A >A £a . ft ^ a B a ft 
(off-chip)^. &f§ • ft ft* & A 

£ ' fa M ft is K _t (on-chip) ;i| % # £ £ & £ £ Si # ffl 

5 Ji&A'J^^ar ' "FIMM&rfj-ftl&Q 

AM ^(BB)^ Ail 245-1 * 245-Qa^^r^^^^S 275-1 * 
275-Q#± • *^*W4iA'h4LEi&^ l(FDMM)^^f m 

& Pal -^ if • A 3f ^ ^ ffi7 Bfc « ° *• ft 

10 FDPM -FDMM& & LPF 240-1 • 240-QA £ gl tf ^ ft 4l ^ 
4& . . JL;£;f ft taMfr • 

MfeJt&ffi ° ifcI/Q^^^7b202^=fc43£7C#^it#I^-^! 
15 %fom&jL%4-9® fifLW • 

FIPM - FDPM - FIMM - a^FDMM^&M^^if • $ f& ' 
20 -ft&ffcff;5fcMt ' *T *.&#-tfeflH*l*»"*'h 
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202 ZL % - 2! f #'J 300 o xfcb t *t i*\ 300 t FIPiM * 
FDPM * FDMM » « A FliMMfc %-&$k\t''*>nfc%Am*?ft 
^ ' itb ^. ^ $3® 4LADC 290-I'290-Q4L|tto^b^^^^(BB) 
if E ^ & * IS] *g t FR. 8fc«r f & (FIR)ft ft ft 296-1 & jL & FIR 
;t.ftfi 296-Q o ^ItiMbBBif J.A^AGC& 
ft 8^-^-70295 o %, J jftfei • J»FIR;$ft Si 296-1 * 296-Q 
4-m 7T> h FIRjfc ft 8 ' n. f& &&&& f ^ a m - i@ a -L 41 
FIR&ftg • ifcFIRalft H 296-1 » 296-Q#xi£it 

FIR& & fi 296-1 i 296-Q4& * -g-S'J f # >7fL + % l&#fift - iS 

80 MHz • # J&FIR& ft fi 296-1 » 296-Q«tit 

Ji^^^^^r^^ • ^F^^#j#*#iS,$4(&*-i-i^ • lib 

m J. 4l f # if fa®. FIRit- ft B 296-1 > 296-Q EJ ft 5. * & 
WtSL&ft fas§ - 

307 • ^ itb^ ilb if Sfe « tt. * FIPM^I if ifc iqcorr_q_i_coeff_A 
ft%> fcibft 306$ ft. FIR 296-1*. & 

3MIU/fcf/Hf • to it ft &. lMts*i j.FiPM^if 

#if &$fr/v£$-FFT 310 o Jft&^lMltQ/fc^if Sfc^J. 

ft#&#~FFT 320 - ilbFFT310 • 320&ff&lft>^ - 

iB FFT > *a£^#^#t*#BII«#lft*&&fci*) i • m 
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?1 t£ ft §:fft_reaI=Real {fft_real}+j\mag{fft_real} 4£ FFT 3 1 0 

l*i A ' 2- %L & fa H • ifc £ £ £ 
#0' w ^=Real{/^Jmflg}+/Imag{^Mmflg}^FFT 320&T A ' 

fa £ i: * & g 325 - 330^ ttTI-JW^f \lmag_mismatch 
5 * e -7/P*«»_«to™i.*; £ ^ a m % FIMM/FDMM/FIMM^I it ft * 
fftJmag_adj=Rza\{fftJmag_adj}+j\mag{fft_imag_adj} ° ft 

f \lmag_mismatchffi ft & % ft ^ t ^FIMM^ FDMM • *t 

^ ft * fft_imag_adj & lj J& 332 £ « /= J-X ^ /& 
1 0 jfft_imag_adj=jReal {fft_imag_adj}+flmag {fft_imag_adj} = 
-lmag{fftJmag_adj)+jRea\{fft_imag_adj} ° # ft $ 
jfft_imag_adjfo 5.£*7>£fi315^ft ±fft_real > J. Jrfc #r J. 
£^faifft_total&fe&ftfcm%&jt3LI*imB335 » J. J. 
£ &tfl & ft §Lfft_total_adj -i.^r^ffi iffc || 200 + ^# 4* 

$4 300*1 • fti^in^g 

325 - 3303.$%% ftHk t*«feFDPM|| FDMM(« JSL FIMM)ft 

K * ft. (FDPM A / & FDMM) ft & A « W itb $ A A >* H'J 
20 & # #ij . 4o & ^ £ 60 ff . jt FDPM#i FDMM^ ft $ a^.B^ 
til ft ft » £FIPMa#fcl*»*»|SI;fr#7IB ^c^8ffl t#T^F^ 

Jfc£*fc&££*#£&Mafc 21 (FIPM * FIMM)4l if ft flf 
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«^*WJJti6(FDPM • FDMM) ° - b & % || £ foiSjk & 
« tfl ^ * 2S ' I'J«4M£ a fl# Zfrlf £&SLit$-& 

& jt Jfc S ^ a ft 4t 3ft *» ttb ft #r Aim3ft*P4L«i|i & Ml % «t 

£FFT 310 • 320^FFT4Ll^Q^.f^^FFT • ft 

ttFFTIfrdi • jfc J.jR&il*4-#J #FFT 310*fr it! *Jfc 
^3£4lFFT 320^r dJ ' ft>j5t^^li335^r4L^T^-^315^ 
/&»^iL4L^it^>^FFT^ib ° 

350 - *tB Steffi ^£4ffl4Lfrafc#]300t ' g P ' FIPM*Sflf 
6 t phase _mismatch $i FIMM/FDMM #{ flf ft 4 
magnitude ^mismatch » phase mismatch, 

magnitude ^mismatch, 1 lmag_mismatch, e - y /' pW -' m,ma ' c ' ,; l 
20 Jftjreal, fftjmag, fft Jmag-adj , jfftjmag adj, fft totalUA 
fftJotal_adj£ L &&%K&Z.-fcil$tfa : tf ' ffoK^,*.*BJJ 

JtiUMtlfcQifcifcte E&OFDNHf * - ffl P-l 1% 312.5 
kHz*.52ia=fc|fcft > Hi itb -If ^ tK=52 • # & • Kil^^PH^ 
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a • 

&%5® * Z-ll&fc fa J tfft_real&& TFT 310$friB ' a 
& 4£ ft ^ ft ifftJmagZ. ifo FFT 320 Jft £t5 0 *b £ $ 5 SI t 
5 fft_real[n ]&fftjmag[n 7tte*[n]tt4fc££K-Jfc£to*4L& 

ff'ft*P^*&&*P^ 9 ft*t«.&'ttfc ±fftJmag*L % nm ft 
&H%L$lLlr > % if % it & fa «. ft 
fftjmag • J-&#ft^ft t^*8354 • itM&ftfeftf 
1 0 fftjmag* ^nlSft^fetMI.ft'ffi.ft frfft_realZ_ g iHB ft * 

^r*360ftffl*.i giog355£ ' «^t^«T 

phase _mismatchk= angle 



15 phasejn ismatch k ^ & % K® * (k: 1... K) ^ K-g: & ft f 

phase _mismatchZ„& • a * g ^ 3 355*8 ^ -*Lft*ft 

S n(n:l;..N)-FDPM*|flr-ifiii4p/iaje_wwma/cA*I^Qiiilt^. 

& >i t ilbFDPM^ if ft iphase_mismatch%-fa * ^ 

1 i\ % FDMM/FIMM #j flf ft f: magnitude _ 
mismatch • ft ft «. ft {S. ft ifft_real& fftJmagZ. % n\% ft * ft 
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A* . 365 ' Unit fa f 

ii^j/vj.^ H380 • 375J.;fej&oN=fc • iMs I'fc # ^ 3" ^ 



ffij magnitude _mismatch k %} % Rft $ (k: 1 ...K)4lK-|: & 
6 t magnitude jnismatch • a IN^i >& H 380 » 375*»*fc 
4L**:«b(n:l...N) • 

^f^fc-gtlUgl^^-FFT 310 ' 320^I#iQ^^_L^4- 
10 FFT if * • itb «. It ft ft ±fft_reamfftjmag^ a*>®&%6 

' &&|fciftFFT 390iail^-ft#&395&**ifij/fc : 
^jjx£n3 #jL^#^X(e- jw ) 
Real{x[n]} <=> X.(e ,w )-0.5[X(e ,w )+X*(e JW )] (3) 
15 Imag{x[n]} O X o (e jw )=0.5[X(e jw )-X*(e- jw )] (4) 

£$4® tm* 64**^300+ '&teif-&**fcFDPlVUX 
&FDMM/FIMM*lL^*jMHt • &££FIPM& • & 
j^1f«&^]300it^ ■tPIL^ib^^ ° ' ^wfN^at^t 
ifeFDPM » &£#N 2 ftlfc*ir*FDMM/FIMM&J* \^ 
20 FDPMffijf ' D^^ADC 290-1 > 290-Q*.lfr«fr#H&Qii.iJL*- 
r-1 54 € it: & ' S ft* "Tft ffl «5 a t«feFDPM*C 

* *o IS) ft tfc *» * 4% 4* ft * S 275-1 • 275-Q^ ff & *> I s ] £ 
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Wi t ft tt *ft & W tikMify IF ^ 4 H 280Si £ ' $ it >fo M 35 
275-1 • 275-Q& ffl LO 2804L* (SJ * to ffitblFjt ft ft T 5. 

*r * fdpm& ' ffij j» n & m n 275-1 . 

275-Q4LL0^7vt5:^^^ fSJ^i f #^ RSI 60*11:90 
& • Hf FDPM^t # |aFDMM/FIMM^c * W a£ * <fe 4: * *'J 60 • 

io a&ifc^r u&te ra a **_tflLffl *- 3 3MBI 

^FFT 310- 320(j&^6S|4l^J&395)4l* l^60ft##f_W 
gLfft imag • 

1§(&P • * >fcte #11208 • &tefatiL® 11210)* ft *fc 
15 IF4Rag^ft#*«»8^ ' *JI/0*t^M4fe • M*o ' 

fc* W ' " -T JMF IS] * H 275-I£ ft Bit & £. % - * 

tel£#||208' ff&J»iL£}g.j£ g275-Q£»Cit&£*i I s ) 60* 
tfH£;$ii208 • g 275-1 • 275-Q& * 

isiitt *.J5*PIF*4Stt ft ' «*&;!fr£*bl*&»lffl ' "P* 
20 "Q"^#^S^_h^.itbf5]* • 

ifcfr] ' £ lib * w «'] t**i Pel • *» is] £ # 5 ffl t * 
$ (1) & (2) ik %L ft 4 phase jnismatch & magnitude^ 
mismatch • #>J 4° • £ ft *J ** *| W & jfe. 1$ > 4a JS) £ £ 4 ffl t 
#T5Pfc4£fc 4&&S325 ' 330' £«iMS** t^^FDPM 
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& FDMM/FIMM *8 ft • & * » & £ ft f FIPM ft flf tfL 
iqcorr_q_i_coeff_A • jLjbftfcW t ' 4£iqcorr_q_i_coeff_A 

4 phase mismatch pL 
magnitude jnismatch • iiJ-®jlb— 9.-st^ilb#^r^ ' % 
£ itb ft t it • iqcorr_q_i_coeff_A4L fl:*«nSt^t : 
iqcorrj}Jj;oejf_A=(mean/f ora ii k [phase_mis_vec k » sign(freq^}]) (5) 



phase jnis_vec/i=2 



JX^'-'^feL °UfiJ ma gJ a dj[g} k omagnitude mismatch)*] 
12! 



(6) 

10 ift) phase _mis_vec k % K-^ ^ 6; S:phase_mis_vec^. |l k#f 

#(k:l...K)4L<iL ' GJM&*>^Xi£&;&(6)tM4U&^3fc § 
g(g:l...G) ' ii^L-jS.'ftfflN'fil^^att^i^ ±phase_mismatch 
M magnitude mis match % £_ • freq^k^J^fa i ^ % K 
4S *g ^ , a & sign(/h?? A )*t 4* # Jfc ^ ft * freq tl«$^f 

15 

it ft * FIPM^ -ff ft. iqcorr_q_i_coeff_A£ & fi 307 t 

St£i*>fc2l3064fc* & FIR 296-1^ MlM&I/fcf^ ft 
it /&FIPM*g fit • 
20 fl**'^* ttjfcTFFT,t:£.«fc**8& 

' *#*H ? FT4L|frA*a«fcH&*t#*t ' Wte>#£-&>& 
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« ' v i[«]o^[t-l] (6a) 

Silb - fcfflFF'nfcib • ^FFT^rfj^^iSj 

t FFT&r ^ 4i M a # fi 4i i; w ^ to . 

feftAffl 3-fc%$L^1) : & ' -ra^^#.fe^FDMM/FIMM 

2024L#— #^HT^fe^J400 » *» pg #--£;5fc#J300 - itb^—f 1 
«fe-W400*ijft FIPM » FDPM - FDMM - a A FIMM& * M ffi 
flt • 4° I5]^^7ffl tflfJT • *b*& #3ffl*-ADC 290-1 * 290-Q 
4i3UMbBBjf ft ' * 402 &FIR>j|&ti 404ft 

• #ll**t<MtBBteft£#i£J.#S^AGC&a^tt-?- >t 
295 • FIR&& S404H # b£ SJ 41 FDPM - FDMM - «I 
FIMMfljflf ' ftJ&i£#*402GEifcFIR&$fc8 4044L$£.i§ • itb 
FIR;t. & IS 404 41 ftte & * /J* f & & * tit FDPM# f i^jf 
phase jnismatch & FDMM/FIMM -fjt i^j it magnitude_ 
mismatch?* & & » £ # ftfl # K4 « * «fl 0 A Bfr *» 
*FIRatStg4044LBf ®^&®it fcifc if fc^ ' *& -T 
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$ 41 ^JL-rait*#* ft ft II A i. & ffi * t«T « £ 41 

±M.±l/mag_mismatch • e -JfP h »:"»'^"fJ . £ $ , ^ 
ffl J-X 48 flt FDPM/FDMM/FIMM 4l ft ftg#*Tltafc#* & tb 
ftfttf ' rffj'ftffl^ADC 290-1 • Ji^I^Qit 
it_t • 

& ft # itb ffi ^Iit it 4l & & ig fbBBff it J. ft 
« flMlf ^>fe (FIR) ft ft if 296-1 - & ft • if* ffl ^Qiiit*. 
FDPM/FDMM/FIMM *g ff £t 4fc f b BB ft ft ft it £ JL £ FIRft 
ftH296-Q • *bFIRft ft fi 296-1 « 296-Q*fc&*» « Ji«l^ # 
% $ Pfc ft jfeSUft^ ^ it ft ft 31 • ilb * FIRft ft If 296-1 > 
296^££4L^I/Q*tfteft&fti9tt£#^AGC*th 
a^f-7t295 • isj a Jit8,^ -*t<l±Jthir«fe ' «f2i^S 

m ft * it £ FIR 296-Q ^ M #. J. & 
FDPM/FDMM/FIMM ?| #4lQtc.# ft ft "Qsignal"&# ^ £ 
&H408 . 407 . # $ g *i H (ACCp)430 - «A4tHSI435 - 
*b& I FIR 296-I<ft*.flLI^«-^ft u Isignal"^^^^^*IS 
408 • #jfcteft*«**tfQjfc#teftQsignal;tel|S. - m^mS. 
£ff ft "IQsignarf#i££;fa it 425 • Hfifc^^FIR 296-I4LM 
& I /fc ffr ft ft Isignal # f# i& 5. # £ g *i if ( ACCp)4 1 5 • £ 
& * ff 407 • J:b & fi8 ft Q/fcf;Mf ft Qsignal a ft * FIPM*g f# A 
iqcorr_q_i_coeff_B4a & • it & & * H 407#r J: 4 ft ff ft ' f& 
ftft£#*35 406* g FIR 296-1 *.&fr*fcl/fc#f£ ft Isignal 
**-^ft#/*rai*1««i«FIPMij|flr^;ij&f9-^ft^A 
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&i»Lil*.ffl4Lffrtt#£Ei£* 1 • J-il* & 
FFT#410 > 420 ° jft iM£&& **.5r&*P$-|&>^5. * -FFT 
5 40 • A Jlf *t*P##/s. £ft fJJl^-FFT 

420 o jtfc #FFT 410 • 420^^#t^r^v?i#t^r * FFT - 

1ifft_real$Lfft_imag^ Jai^-fc&l&^&ifcl&ifc • 
FFT(fr] *□ FFT 3 90) a A *» l§] a _L #t «. a/3 #J ^ j& 395 # - 

#/_rea/=Real{^_rea/}+/Imag{/^_ rea /}^ ^ FFT 410^ itj • « 
<£. ft i^j J t/ft_imag=Real{/ft_imag}+jlmag{fft_imag} Ml 
4t|b*JFDPM^FDMM*t^^P-1^FFT 420^4 ' 
S635*i|feo^.f:#^^^^^jL^4SWP B 1 » 4«#it635 

15 ^ it • J-^.^^#FFT 410 • 420*_|&dl #18 £ fi ' 

ffl^^.#«itH420t^it-.^4S • ' £$i#fl6354L ^ 

f^a^ffl ^ — FFT - RifrSLtJL&ft > j£J.£.ffl£#Jtt 
FFTj-X J.£FDPM/FDMM&^$h^ ' ft^ftffl ^|7ffl t/H 
tf4Lf%'IBFFT 410 - 420° $ ffij - J?, T t *r -ft ffl 9 #J ' 

20 IS) j.x_Lt£a/j iiifeft ^ti%>|®FFT410'420^:^^^J^ • 

4fc ffl ^ ft * fft_real$Lfft_imagM. ft a _t ft Wfc 
ffi 5*1(1) » (2)a ^ tFDMM/FIMMi f ^ f mag_m/jmarc^ 
FDPMH ft ft f; phase jnismatch • l§) ^ # 5 II t #r ^ 4f ° 
ikb FDPM/FDMM/FIMMfc ^fc&fc£fc*J&**| Pal # 4 ' 
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& t^t^^3BI */*r*t'W^#tt&J§*piF&4 8280B£4 • 
&i&*^>&*£8 275-I* 275-QfcfflLO 280;tel3##te > jfrIF 

tetiLtiL& fi(gp . tefotiL® n2os&tefatiL& H2io)a^^pif 
$ i% b nt $ r-i • a m n m 8 275-1^ » b& & s. % - & 

4l iSL ft 8 208 • ft m SL £ % # 8 275-Q^L fi Ci£ # J. # |S) 4l ^ 
tfLte#8208 . JX&#H&#i 8275-1 » 275-Q#^ilt^#^^ 
|S| *t t Mi IF#. it 8 it ft ' « $Llfc& itm ft "l"M u Q"fcfo 

(1) ^ (2) iflj £ i°f 4 phase jmismatch Si magnitude^ 
mismatch > i£ JL #'J *» *» I*] ^ % 7ffl t#T7F ■ £ & W *J t * B$ #j 
## * B$ . Jrb A 4 ft * £FIR& & 8 404^t b£ Pal 41 t 
FDPM&FDMM/FIMM^lf . . * £ It *FIPM*.;jifj flf 

it iqcorr_q_i_coeff_B • & ft, f ifc fr] t ' ifc tt. 
iqcorr_q_i_coeff_B #^j!,^7v4L4i. pwr_meas_i - 

iq_corr_meas • a lpwr_meas_q » 0 *b • — ilb # lift ^ * J# 
# 8415 > £ £a 8 425 * iX ^ jR 8 430^ £ . jty # 
itt & it -jiL # tB ° itb # -fit pwrmeasi - iq_corr_meas • JX & 
pwrmeasq MT '■ 

pwr_meas_i= jji(Isignal[m]) 2 ] (7) 
»i=i 
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pwr_meas_q= Yl(Qsignal[m]) 2 J (8) 

/4_corr_meaj=£[(/CtogAja/[/w))] (9) 
&Isignal[m] » QsignalfmJ • « AIQsignalfmJ t Sfc 

^>gL • a&M|,Iim(ra:l...MKt @ • *i j£ 

(7) . (8) > (9)4L&* • JtJLSt*-fe«*i^«Nfli«L^atf* 
ft -iphase_mismatch&.magnitude_ mismatch'&%t £- ° jLib& 
iktfcm t • JJH£*M4i& g t3:££$e,®2 6 <M< 2 20 |&ffi t 

A !& # ' f£ *H Jfr it # -ft ffolsignal » Qsignal > a A IQsignal 
it ' - jL$'J5f*&FDPM * FDMM(a AFIMM)^^- H^-ff & 
Sfe4L«flf • 

ilb # <tpwr_meas_i^pwr_meas_q«'J f:I|a-Qii.ii:Ji^.i^ 
# - ffi7iiiq_corr_meas^L«'J tl^Qitit^Lfal^^ » .^tf 

20 Q i& i£ & IM » Ht *b f M 13: • itb FIPM m ® it 
iqcorr_q_i_coff_B^i A«T^f.^t : 
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iqcorr_q_i_coff_B=2 ^ __corr _mea S ) J 

(pwr_mes_i+pwr_meas_q) 

£ & * 35 407 m & t FIPM*g If it iqcorr_q_i_coff_B £ 
«* I FIR 296-Q*.*t***.Qjfc4H* faQsignal . J.jff 
Jk±3Lit tt£3fc*IS2064£iM FIR 296-I*.«fr;ffc*.Ij&<tfr 
5 itWsignali^ > U i£ &¥l?Mffi ft • 

500£*f-#FDPM • J-FDPMfe**^ 

M*^^B^«^^^iaai&g(ifij^FFT)-fe5ir«fe . *i isj^ 

10 $8ffl t^f * ' *b£il £3 IB*. ADC 290-1 . 290-Q*_'&<flt<ft 
BBte&4-*££l£i£#*502&FIRa|ftlf 504i£i& . 
#*t-fiMtBBf| ^^i#it^^^AGCi%tt^^7t295 - FIRi& 
^H504^:^a^F a ^j^FDPMHFDMM^^ > ffij *£i§;5r*fe502 
E£»FIRafeSfe»5044LJfeiI • jfcFIRsft ft II 504^48 H A* 

15 ¥ A *t ft # & FDPM *Jj flf t phase jnismatch $l ^ 
FDMM/FIMM 4l # flf ft magnitude jnismatch ff\ >\£ 3_ 
> £K1® # HpI ^ g • |ij « t tfc^ ' Jt % ft f: £ jt* 
fc|500 + *.£frafc*|300 - 400t#«fc* • ,&8& 

# ' itb 8^ M 4| JsMig jf ;t ft 1 #J *a FIR;t. ft If 504£ *T OL £4* 
20 &} > JL^TtSiX^QititJi^^Iititi , fl&#J4 

Jfcff- je. itb A * H^ttl & ° *> is] & f itb & ft Ai^rl 
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\lmag_mismatch • e^*"'-"'*™"*' o f pk , it ft it ft U 
m it FDPM& FDMM4L ft^tfoft tb $ at n • J- 

ftffl^ADC 290-1 » 290-Q^Lmtb^J_L4Ll^,QiiitJi • 

. ft* HlJ&«?¥ifc(FIR)sftjfc3l296-I • it JLjR&ft ffl ^Qifcit 
4l FDPM/FDMM^ ^ to >fbBB ft Sfc ft i£ ^ jL & FIRit. & 8 
FIRafcj&g296-Q» itbFIRafeafe fi 296-1 * • 

is] a±.mvL w *- % * & ^ ^-tena & n • it * FiR;t. 

10 .& 31 296-1 » 296-Q/^££4L4-I/Qf #^ft&i3ttJ.A304L 
AGC#ffB^f.it295 • ^■Ao^aji-tt,i«-JiHiJ&*«fe • « 

*fcFIPMA/i&FIMM&i£ • *'Jj»*t«#.fcJ.* 3 
FIR296-Q4LFDPM/FDMMM*gflrQ/fc#<ff %L"Qsignal" - a 
15 &*£|FIR 296-IM*.*HI^^ft5fe"/ji^a/"« L ^^^FIPM 

& / & FIMM & i£ % n- 540( <?-J *o %jja fi 425) > ^ # % fa H £ 
425 ^ 430 > & 3S407 - 408 I it**.<£1t*frJ400 + * 

JUf>i|iJ#^l =- 1f «fc#J5po^FDPMHFDMMfe 
20 i£#at-Jl**b»#.fcJ-« FDPM/FDMM m it *L * 3 FIR 
. 296-Q4LQ/fcfsH£&"0s/g«a/" > % ?']K4S ft 5t 

#iftjft£8 520-l - ... • 520-Ko ft*. | FIR 296-I4lJ£**&I 

& # it "/s/grca/ " ^ it. # & ft # & % n km ft it 

*t*iiatifeS510-l • ... ' 510-K° fc«Tft#*fc£afc& 
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5 ftjfcffllft £312.5 kHz*. 52^1 =fc1&*ft ' ttA4Attitt 
K=52 • > Kji^^m.^jfc'dL • sa^/^fftffl JE. 

-ft.^T«**X-SL*a**.S520-l »'... ' 520-K#«*g 
10 flf Q j& 4fr ft Qsignalfr # & 3- ft ft & # Qsignal, • ... • 
Qsignal K ° jft &&Ht ft/£f^ Qsignal, > ... > Qsignal^ & 

508-1 . ... • 508-K . a A ^ # X H (ACCps) 
530-1 • ... > 530-K • iSJ&Afc, ' -gE.T&^&^ii.afc&S- 
510-1 • ... » 510-iaf I&f^f %Isignalfrm&&it ft&# 
15 Isignal, » ... » Isignal K ° ffi tfHtiitftlsignal, » ... • Isignal K 

& 4- & & H 508-1 v ... • 508-K • tt & ^ ^ * X ii £ 
(ACCps) 515-1 > ... > 515-K- ^. * H 508-1 > ... » 508-K • 
*ttt#.*fcf* falsignal, ' ... ' Isignal K &&# 1t & VL 

Qsignal, » ... - Qsignal K fa > SX M_ \% % & fa 

20 IQsignal, • . . . > IQsignal K • & & j& ;fro 8 525- 1 > . . . » 5 25 - K • 

3ffl t ^.M^^^^PIFa^ S280B& l^ii^ffija,* 
H275-I- 275-Q^fflLO 28041^8 ^4 - HflFlf f^iTIf 
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(*» |S) £ fcb frj t Mt£)« # ft#f&**! Pal M & 4L&#te*T 

#li|tjfcfc|<fcft*JjW***i Pal » *»|S1^^8H t#r^£FIR 
5 it & H 504 |& ft J$ j£j phase jnismatch magnitude_ 
mismatch • & J. #J £ ft *J #J #] P»l i£ iMf » tb%-fai& 
& & "5 Pal 41 J& t FDPM|a FDMM^S ft«^ifcf^^J500t • 
|Sj -§;phase_mis match & magnitude _ mismatch > %L >k ft $m 
^. ft j| -ft. 4L >Jf ?'J pwr measji > ... » pwr_meas_i K ' 
10 pwr_meas_q, > ... > pwr_meas_q K » a &iq_corr_meaS| > ... > 
iq_corr_meas K • fa * # -fe K • it J. 0 ifcb — S.it ^^j^-^H 
*;&oiS 510-1 • ... • 510-K • ##f,;fra If 530-1 » ... • 
530-K > all^o ft 525-1 • ... » 525-K^$^8f . S'J »T£ ifc ifc 
0 ilb'Ci.pwr_meas_i K » iq_corr_meas K • i"X>S.pwr_meas_q K 
15 #A^^Mtj4L*K«^*«# . 44aT^»t :■ 

pwr_meas_i K = J^Isignal[n] K f] (11) 

/;=1 

pwr_meas_q K = fj(Qsignal[n] K ) 2 ] (1 2) 

iq_corr_meas K = Y\{IQsignal[n] K )] (13) 
20 jLlsignal[n] K » Qsignal[n] K > a AIQsignalfnJ K f 

-> -» 
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• aAN*ft^n(n:l...N)tJtl - 
(11) > (12)*(13)*4Li** • 

J« 8£ j& l£ m m it falsignal - ignal > a A IQsignaltL W 

5 FDMMft*#«iflr*.£. ' *l*-t**£*I*gflr • 

itb ^ 4@ <t /f- ?>j pwr_meas_i, ■ ... > pwr_meas_i K J^. 
pwr_meas_q, » ...pwr_meas_q K $| ££^#f 110 ttf^ 1 ' ... • 
K£ii.iifI&ia'i!tQjL4LJ#^ . ffij^^4L-flL^?iJ 
iq_corr_tneaS| - ... - iq_corr_meas K #'J * it ifQ^ 

io r-i 4L*a m <& • £ ifctt _l ^ •=■ ' &£-mv}*-m$i * ... • k » 

• 48.#ifc#teSt ' tt.FDMM*g^rSj ±mag_mismatch 
^FDPM^ -Of iij ^ phase _mismatch & «T^^f^r^^ : 

phase_mismatch K =2 (/g_corr_w g gs) j 4 

{pwr_mesJ K +pwr_meas_q K ) 

15 J-X^ 

magnitude __mismatch K = Hp^-^Jk) (15) 

V (pwr_meas_q K ) 

phase_mismatch K %iK-fk&fa Jr phase_mis match & % k-f® 
#.^(k:l...K)^it . a&magnitude_mismatch K %LK-fcJ%.fa ± 
magnitude _mismatch & %k$%$ Hfe . jtt FDPM^ - flf ft # 
20 p/»aje_mwmflfc/i^iaiJtI^Q^.ip-^4a ^ £ £ , ft FDMM^lf 
ft f: magnitude mismatch^ &1&'&±*/j fa (rms)#| 

^Qitit-L^^-^^^^tbli • fcft 5 504 
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a&/&FDPM&FDMM;fiSflt 0 

t *r£# *r 

5 50441 r-1 41 $ FDPM/FDMM^« $ & «. 

fa *£>J^£FIR&&SS 296-1 *296-Q:*L#' i&£ADC 
290-1 » 290-Q4Ltf*.«fct«Ji • 4b * * *^^^FIPMA/ 
jfcFIMM#t^««&-540*.iiT • ftffl B^W^J*FDPM/FDMM*lj 

10 1 - ^2«A^3|t^5f«fe^J300'400' SOOt ' FIMM 

4L4|&A;fiM)t£.&&fr$ magnitude _mismatch » 
& FDMM;& ***Ht4L*J S»Jifc * « 275-1 ' 275-Q 

4Lte 3£&#LLO 280/tf#it{4L<f£ ' 
$i ft 275-1 • 275-Q*.*fri&T«ifr*]* l*]*_*f j£ ' 

15 *4-*jwFiMM*t^n*8'(t • *t*nt# &#£#9g tm* 

*.#4*«&0.J6OOt ' £*t**t***HtFIPM*FIMM- 
*j» . ifc^#-T«1t*-S.*Jfl«iFIMM*lL*||*Ht ' j£J-##l 
» 7 • 8B|4L# 1 > 2ja&34L*g*afefc|300 > 

400 » 500 t • 

20 ifL&n%~%%m • ^A^^Kt^w *3B^*t^*/t 

202^$ Eg A^J^^^j600 • *oft;fr$9I| tm^ ' ifciM $ 
3SI4LADC 290-1 > 290-Q4L*t<BUtBB<f* ft > 4-iti£|S]*l£ 
P&J&flf ¥ m (FIR);t £ H 296-I& JL £FIR;j| & 8 296-Q • itb & 
te4tBBteft#4-fli££*^ttAGC*ttB**>t295 . 
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frftajLttW ' itbFIRjitft 8 296-1 ' 296-Q&ikft%,% 
lfc&&8fc«#4H&ift*ifc3 " *fc#*&FIRsfc*.S2?6-I • 
296-Qflr J. 4 4- I/Q f <f4 ttftj»&l9ft£.#S!tt AGC^ ff 
a£ J?, it 295 • &*! « _L#ri& • ttf *l&A8*f 
5 &&#fttfMf-o 

itb ^. ^ FIR 296-Q4Lj&3M£Q/fcf>H£ ft "(fcig#ia/"*# 
&£&8 608 • 607 • 632#^^I^»E(ACCp) 630 - ^^.i 
FIR 296-l4iMiMIU/&f,H£ ft Vjignarft^te 8608 • 0 

10 iftftft "IQsignal "# it ^ I 8 625 • *t *■ £ FIR 296-1 41 
« * I ;& # -ft ft /f igwa/ # # it 5. # $ JR An 8 (ACCp) 615 - 
& HI. & 8 607 » lit m.fiiQj& fa it ft Qsignala & * FIPM^ flf 
ft iqcorr_q_i_coff_B# ^ • itb *. I & * 8 6074L If ft UK & 
A & 8 606 #L I FIR 296-1 4L * #. fcl j& # ft folsignaPA 

15 ^m^^^gJ-MFIPM^^I/fc^f 

8 635 - £3H.>&8 632 • itmfrtfLQMit%LQsignal&&± ^ 
FIMM^-ff ftiqcorr_q_q_coff4§ fk" *t#. £ fc* 8 632/^ J. ± 
»«^J.FIMM*8f|4LQ^^fsft^>M.^*|8635 » 

* m mm if fait ft & flr -^Q/fc # ft ft ft * 

20 m^ifSL > AH*jfc&&&;&&#$M*J*»-#FFT 610 » 620 
^^.-FFT > ali FFT#r ib . *«T#ftffl;5*'£&i|fc8200 



36 



200308159 



grit • tfh&f foM6Q0t FIPM&FIMM&i£ • ifijiMfc 
ffl B£H#J*(##$#i*)FDPM/FDMMftflr$jfc8 0 

600 ' iFIPM#H* ff. 

iqcorr_q_i_coff_B#FIMM^| jf {i.iqcorr_q_q_coff° ^t^^^'J 
5 600t4°l s ]£^&#'J400t • ttiqcorr_qJ_coff_B& 

^•7^^'(i.pwr_meas_i • iq_corr_meas > J-X iLpwr_meas_q » 
it J. a itb ' - e HfrA^ib^* f ^aH615 • £*rg625 - 

%fr>n630*£z > m^«.^ra#it! • IS) ft Mb ' & 

iq_corr_q_q_coeff ft %L>k]fcft%,%i^3L@. pwr_meas_i & 



1 0 pwr_meas_q ° H. p wr_meas_i » iq_corr_meas » j-X ,8. pwr_meas_q 



4-* (7) ' (8) • CXJ3L(9)fttek • 

ilt ^ -fit. p wr_meas_i ^- p wr_meas_q *»] jr it it I $l Q _L 
. ffi4iq_corr_meas»Jf:-iSti4iltI#|Q4LW4LMJ|»'l± • 

iqcorr_q_i_coeff_B A (10) ^ ^ > X FIMM ^ it fa 
iqcorr_q_q_coeff ittT^^^t : 



45E. & & ft 607 • itb It 1 FIPM^ if fa iqcorr_q_I_coeff_B 
20 fcaft#.ft*.Q#4frf£ %Qsignal - ft m ft it %L& : A 

&B606femfr&^\&frit%iIsignal>£-£r > aifc/fcFIPM#j 
If • &$.&%632 ' *t*fc* FIMM*gflTfi.iqcorr_q_q_coeff^i. 
a«*ft4Llj&#tt %hignal - a&j&FIMM*Hf ° 




(16) 
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5 * H 275-1 > 275-Q • & ffij • # ^ 

FDMM/FIMM^FIPM.fe^ifc^ tA^ a itHX » Silt 

#LLO 280 8 275-1 • 275-Q4i|t^v - * a *> |S) £ jE. # 

UTttMatlab««ift&4*38tiirJ!fc4*#t&g; ' 
10 m. & # B /! ft. fi ^ FPDM/FDMM/FIPM/FIMM 4l I/Q & 

« m « m niQfc * % & 

jQT/j/zc = 128: %size ofFFT 

mixer _phase_mismatch = -25 * pi/180; %freq_indep mismatch 
15 num=40000 * fftsize; % # of points of noise to use 
noise rms = 100; %size of noise 

% Filters used on I and Q for freq dependent effects 
mag Jilt _i=[0 1.1.8]; 
20 mag_rilt_q = [ 8 1.2 .2];%. I]; 

%magjilt_q =[.91. 05];%. I]; 
"/omagjilt q = mag Jilt i; 

% Extra delay and gain on channel (both usually implemented with 
25 % changes in mag Jilt _i & q 
q del ay = 0; 
gain_i = 1;%.I; 

for initial _phase corr = [10] 
30 % Create random input noise 

noise_in = complex(randn(l,num),randn(l,num)) * noise rms; 
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% Switch to using same LO input if doing initial freq-dependent 
% phase cal, & include freq-indep phase mismatch 
if initial jphase corr ^ 

mixout - complex(real(noise_in) * gainj, cos(mixer jphase jnis match) * 
5 real(noisejn) + sin(mixer jphase jnismatch) * imag(noisejn)); 

else 

mixjout = complexfreal(noisejn) * gain J, cosfmixer jphase jnismafch) * 
imag(noisejn) + sin(mixer jphase jn is match) * realCnoise _in)) ; 

end 

1 0 % Add freq-dependent effects 

noise _out=complex(filter(mag Jilt _i,l,realfmix_out)) Jilter(mag_filtjqJ , 
imag(mix out))); 

noise jout = complex(real(nioise jout) , [imag(noise _out(q_delay+ 1 : end)) 
15 imag(noise out(l:q_delay))]); 

noise out shape = reshapefnoise _out,fftsize,num/fftsize) ; 

% Plot actual freq dependent effects 
figureQ) 

20 fhreal,wj -freqz(magjiltj, 1,64); 

[himag, wj = freqz(magjilt_q, 1,64): 
w-w/pi*20e6; 

plot(w,abs(hreal), 'r\w t abs(himag) t 'b~ \w,abs(hreal) ./abs(himag) , 'k-.') 
grid 

25 titleC Actual Magnitude Response') 
xlabelf 'Frequency (Hz)') 
ylabel ('Magnitude ') 

legend('lFilter Response', 'Q Filter Response', ['Filter Magnitude' 'Mismatch']) 
30 figure (4) 

plot(w, unwrap(angle(hreal)), V, w, unwrap(angle (himag)), 'b--\ w, 

unwrap(angle(hreal))-unwrap(angle(himag)), 'k-. ') 

grid 

title(' Actual Phase Response') 
35 xlabelCFrequency (Hz)') 
ylabel('Phase (radians)') 

legend ( 7 Filter Response ' 'Q Filter Response ['Filter Phase ' 'Mismatch ']) 
% calibrate freq dependent phase 
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10 



15 



20 



25 



30 



V 



ifimtial _phase_corr 

fft_reai =fft(real(noise _out_shape)). '; 
fftjmag- fft(imag(noise_outjhape)). '; 

phase jnismatch = mean(fftjeal. * conj(fftjmag)); 

figure(7) 

plot((l:fftsize/2)/(fftsize/2) *20e6, unwrap(angle(phasejnismatch(l:ffts 
ize/2))), 'r\(l:fftsize/2)/(fftsize/2) ^ 20 e6 t unwrap( angle (hreal)) - 
unwrap(angle(himag)), 'b—') 
title('Measnred Phase Mismatch') 
grid 

xlabel('Frequency (Hz)') 
ylabelC Radians') 

legendC Measured Phase Mismatch', 'Actual Phase Mismatch') 

% Calculate ideal correction funcitons in time &freq 
phase corr _Jreq = exp(-li . * angle(phase jnismatch)) ; 
phase corr ^filter = real(ifft(exp(-li * angle (phase jrt ismatch)))) ; 
else 

% Perform magnitude cal 

fftjreal =fft(real(noise_out_shape)) '; 

fftjmag =fft(imag(noise_out_shape)). '; 

mag jnismatch = sqrt(mean(abs(jftjeal).*2)./mean(abs(fftjmag. A 2))); 
figure(S) 

plot((l:fftsize/2)/(fftsize/2) *20e6,mag_mismatch(l:fftsize/2), V, 
(l:fftsize/2)/(fftsize/2) *20e6,abs(hreal)./abs(himag), 'b-') 
title ('Measured Magnitude Mismatch') 
grid 

xlabelf Frequency (Hz)') 
ylabel('I/Q Magnitude Mismatch') 

legend(' Measured Magnitude Mismatch', 'Actual Magnitude Mismatch') 

% Perform freq-independent phase cal 
for index- 1 :num/fflsize 

fftjmagfindex,:) =fftjmag(index,:) .*mag_mismatch; 
end 



40 



200308159 



V 



corr Jiarget = sin(mixer _phase ^mismatch) 

% Perforin freqindep phase cal in time (easier) 

time _domain corr =... 

sum(real(noise_out). *imag(noise_out))./sum(abs(noise_out).*2/2) 

5 

% Perform freqjndep phase calinfreq (more exact with large 

% freq-dependent magnitude mismatch 

freq domain corr mat = (2 * (sum(fft_real. *... 

conj(fft_imag)))./(sum(abs(fft_real) A 2 + abs(fft_imag)*2))); 
1 0 freq_domain_corrl = -2 *mean([imag(freq_domain_corr_mal(l :fftsize/2))- 

imagffreq domain corr _mat(ffisize/2 J f 1 :end))]) 

end 
15 end 

20 • ' Tan* Jp.-&3gi&tf*hjfi5*,«ttt • « 

t ft t #r ^ - & £ 2r 4* j& it # J* life • Jt 

^ tag. t ' * 40 ft ^ & 
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' ix&£*-|&il{&*&fcf ***** ' J-lfrf # 

***#it^-e^ ° ft«is^7«^«nf84*i#l- 

Iff f^fc : JLJ.^^*Ttt-3t,t • *tlff ^ra^^^^i^ 
Iff • #4M*j^- ' itb#*i§#4Jl if • -*tffiifc*4* 
^fflilt^SB • iff ' t&tfctt&/A«L** 

10 ##*^-*£fl**«^lt**t ' 
KM lb (non-volatile)te, 

+ *tt«ftltltl ' #'H°EPROM * EEPROM > WAftM^ 

15 4 ; • fcifcrttp***^*^* ; 

*lB***B*«,««*i|t«*p * #r # |£ it £ & & 
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63 » 

%2m &&&&& & t fowz-mt % #l ; 
5 %4m&in&m • tfc , w#3B*.4fc*3rJ!fc*.#-*s!ir 

10 ^5f«fe^r^, ; 
3r & ' 

15 #9B&:fr4fcB ' #3® *LtiL^ t 

10-JLSL*«tS«:tt 45-afcAgf 

30-sfcjfcg 100- & ft 

40-&AH 106-.^)(^.^M^^^ 
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402- 

404-£afcg 
406- 

407 8 

408-&&8 

410— fci£#:<L|t##L 

415-g^aH 

420— fci£#:fc!jt#& 

425-jfU*ti 

430-^fUati 

435-^#g 

500- -tt&W 

502— 

504-FIR;t&H 

508-Mrfi 

510-;£.&f| 



520-&&8 
525- Jlfo% 
530-^#tJK*»8 

540-&M& 
600- -^feW 

606- ••^/*H 

607- 3?l>£-fi 

608- j£>£ii 

610— fci£#iL|t#& 
615-jfUofi 
620-"^it#jL##m 
•625-|Uoii 
630-f ;fai§ 
632-Ub^fi 
635-^#^ 
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5 *#^&&^teft£tfi ' &/tf&fc:£teft£/tf&fc£ffl 

2- *» t i%%-M$im% l ' it ' #r&i&3L<ff ft & 

io . *-«lfl£fS ft • 

3. *» ttfr-M'JI&ffl ' &t ' frafctt^A'M* 

# to * -f # 4L & * A ffi ^ Sl. J£ *. «. ffl # * fit tf I / Q & i£ 
fsft • **^**8t«t*.^^#4L«.#^ifS:4i'f*ft • 

lifctlf ft_t > fc L £|SJfc&jE.2.frft*&.f£ . tfcMbb3L$i ^ 
flt#^ ' ja^&|sHafcjL£*t'Jfcteft > itb is] fa & jl & m 
tbf£ft&*#f&'&#i£ft#-tfj . 
5. *o t |f JM'J&n ^4^4L^T>i . &t » *t/*r&&4Lf£ft 

rtifift- ■ 

fctteft • 
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4a ° 

*3H£ • a t I*] 4a &i & H a 

it ft Sfe 4a |S] #4a to • 

9. 4° t tfrJM'I&ffl %1 • It &*§-fc.*;5fc#-JB4Lifr : 

il*^«fcbls|4§*iE.£»mftSt • to 1*1 4b 

*iL£*mftSr» 

10. *» t ifr JM'J la ffl*9a« Jta#^ii#H^f • 

ft ^£-*tto 13 4a # i & *J ttft ft • 
J» & *J i*ftft^/*j&--#*«4-J5'Jj&4frifcto *l 
i*ftft • &f*ifc^&SittoE4i*iL£*mftft*&jfci$ 

& - & £ £#l J&#*t<fc fcjttft ft * £ 9 — if- it 
12. *»*«fr4M'JI£ffl*ll#*-35r>fc 
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&fa®te&SL£ m ii.it §£ ft * flr St & # *J fait 
13. 4o tt*-S-*'J|£® gll^^* . : 

^ # 1^ ^ ^ ^ ^fe o 

15. f£ #*'J le. ®3H3 J|(4L2r& ■ & + ' *U£-jL#JS&&£ 

16. *» t ff #*Ji£® # 13^4^ ' & t ' AbfeSL-^mifLft 
t&ff » 

17. ^ttt#^jiES^i3Ji^^-^ . &t ' fes£-$rm.fcmfo 

tern i^-A^-^jLa^f- 'ffi$-&p®M%% 

19. *»f tfr*#'J|IBI#18JS*.>!r* > 4t - 
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20. to ttfr*#'j|£ffl$18'ii*.#* ' & t ' 

3M# ft ' Sj^iiM^tftH^tiftilt • 

21. *° t tfr-M'JIaffl £ It**.* & ' 

& tt^f ft _L > >& 4f- 1*] 4a #i if* ft 

ft ' & rift *jt£«ttte ft* ° 

22. *»*tfr#.*'Ji£ffl 35 213* 4i;5r* . ' ifc#r&«&4Llf ft 

fcb-ff ft - 

23. *» t ifr+jfj i&ffl #21*3 » *t » timmfcz-it ft 

tb ft ft • 

24. -*t*t**tttf£JL£#i|fc8 t A**ftte**#*. 

4fel-Ui|*.iL£it4fcte ft££# — -fl-JtS-^ • ilb -ft ft 

*.*£m#«ifc^ftft*ib ' ^^#^^-f=ft^m^^#ffl 

§ #4M= ftj-x^h-^jf ft ; *t#--fcjLa^-&£* 
A&ft l«j4Lft>to. ; ttl 
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25. & % n $1® %24x%3Llr & . £t • *t/tf&4fc*.tt ft 

26. inf *##«J|£ffl«24«^.^r* » *t ' *t££^**£& 

27. *o ttf $-W$l®%24J%3LJr& . A t • ifc#-#jLH-^ 

m 4 * ^ JL £. & "Ml ii i=j # isj jt £>fg ft*g.;f£#r 

29. t If *#JI£B £ 24^41 3";* • & t ' ib%—&SLm* 
m §r&tfr$ L iSLnte$LjL$L ®\ fsUf ft t * Ml /9f £ £ ^ 

30. -««L^4tjL^^i|fcg t A'Ml^itt^-9-#4L^T* » * 

4M£ft*Li&tN&f- ' ft I*-* • >fc 

31. ifr-M'J la ffl #30JS • & t • ifc #r & & ft ft & 
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33. *o ttf-M'J £0 £30«*.;5r* • £t • *afcfcttfc## 

34. *» tff -M'JISffl ^30^^^"* • &t ' lT<fe*ttt*t^^ 

35. *of Ifr 4M'JI&.ffi #3031 - &t • IT afe *f *t * *^ 

36. *» t^#*|<£lB»30^i4L^r* » * t • it & 

37. - ft ^ & £ & ^ A * H 4a * ^ ft SL tL & 

teA'J^-f-ft&ftte*-^ ft • 

38. fcf 1t**lfcffl*373**.jL£fti|fc8 - * t ' m&<fcZ. 



51 



39. fcf jfeffl $37* ifcS » *t • *tffl^*i 

40. *»ttfr.*.#'JiEg|$37**.jE.£&*t8 . Jtfcft : 

41. *» flfr -M'JIe.® $40*4LiL£&4$cil » &t ' ^b^t^>& 

42. dfc *ffr**|J£IH$40**.jE.£&i|fcS » * + • it ft & to. 

43. ^ *l£.M']|&ffl $40**_jL£&i|ar g - £ t ' A'J^-f- 

44. *° ttf-M'JIe.® $43*4ijL£#&il » ■ 

45. *> ttf* *U£ffl $ 44*41 jL£&ifc"iS • & t • ffl*M*)Mf 
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46. in f tf*#JfcfflaM4*4LjL£&fcg ' JteL&^ffl^* 

gtfa®te&St5L m **fs ft ° 

47. *» t*fr4M'Ji£ffl$M63S^jL£#ilfcg ' : 

#^4-*t<&ra48*iL£*|tMi-ft*.4fc* • ffl#M»it 

ft##j&-#>fa^J5'J&ffr*t4fci*mte ft ' * 

49. *a f If 4M'JI£® 3U8J|i^ J L£#&ii » * t ' *t££4L 
la. fl6 & b£ 4- - ^, £ #1 ft ^ & 1£ P3 # & SL *L >M 
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50. *»*1|**»mffl*48*4LjE.£4fei|fc8 ' £eL# : 

51. ttf4M'JE® ^50Jl-^i£&'&ii ' * t ' 

52. *» j If *#'Jftffl $50J|!4LjL H . £ t • lt*^-ifc 

53. *»t*#*I4£lfi*50«^.jE3L#i|fcS • * t • lt*4Life 

54. *» ft* 4|- *'J& ® $50*l! 4LjL£&i|fe8 » * t ' 

55. *4fc#to*^#4LjL£**t 

«-jtH^3l:^*W*t*«lW^ftA4 ' £*t*ir.1;ff 1-1*1 

&it£.&toi# StttttA** Aft* novate ; ai 

* * W ' «A« £ * U0 * to * ^ffi • 

56. *if ffr 4M'JJ£ffl*55**.jE£&!fcg ' * t ' 
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57. *»f ft JM'jifcffl ^55^^jL3C#^H ' &t • 

58. *»tt*4M , J£ffl$55JS*.jL£&iifc21 . & t • jfcJP-^ 
5 JkB^»J**^iL£ft&iS*.jg;teftjL£teft*l-l«S- 

59. *otf£ **'JI£B£553i4LjL£&ifjr g ' * t - -fl- 
it a >*[ # * ^ jt n ^ js] 4 a & jl £>ff ft* |sj s§. 

10 60. 4*f 55 Jg4LjL£& ifcSS » * t • *t#— 

jl a »j * & ^ isj &. jt ^ iZitm- m m 

61. - *jfei^*t^ft4iflrA^ft*<aL^-«p-«4LisF*ift. 

3c & to If fit & ffij /£ f$ 4l - f to % M z~ 4- M m & 

6<I ft Sfe « ^ Sfe ; « A 

62. *>f tfr -M'JI&ffl #6lJS4LjE£&ijfc8 • & t » flr&'lfc^ 

ft & m & git & •- 
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^ $ # Hfl A'J> * #r ' a # M 4a ft: * W • 

65. fcftfr**] 168*61* 2$ ' &t ' *tffl*Mfc 

66. 4* f tt-tM'JiS ffl# jL£& g .if jtbffi^^ 

67. *»f tfr-£#ll&ffl#61*4LjL£.&i|fcg ' £ t ' ifcffl 

§ tttefc attest ; a& 
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&&*.feft&fc/9f&&4L«gfeft - 

****** ft 1f fcit ft - 

5 7i. *"f it-**<j|&s *68**.«**nt . 

# * -8- isj 4a &jL £ff ft«M£ > £. 4- n sl m tt 

ft ' *t*'|SI^i^JE.Xatb^ft*.*/9f#i|jr^.^ft^jl} o 
10 72. *»*tt4M.mH*71*4L«*^HJfr*|t * * t ' A'J> 

73. *»f *##»J |£BB*72«4Lt *^t»*^|t . 

# is) *3 f* ft&at&st & tt m ft mn.it ft • jl isj 

15 # ft «ms tsttt a tt jL s. * t^c-ft ft ' jff -s- i=i h m 

ftt&tf/fc&jfcA&is)^ - 
4r5t*fc^**4Lii!r : 
20 ^i^ta-m-ft ft . 

n ifc £- It to is] 4a & jl & $j ft ft , 
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76, *»f ##«|£BB*75^4LtJ!S-srtt*.«tt ' 

77. *»f *fr4M'Ji£ffl £76#^tJ«^H#.&tt ' £&&ftffl 

> fesLm^nm 

10 78. -««^~tf ' *#«#^&Ji4L*i4*/B^&$- 

4b & & ^ rn*L$L£!L> & *b*! - # is) *g n jE. x it to 

ft. ffl % - * * ■ — £■ JE- ® ' $t - & £ 46 

SHA'J^ft > # 4* & Ml • « $ *f IW A * * 

20 ft • aiif^ll^ft^ff o 

79. *»f ffr + #']|&ffl#78JS4L«j®^H9i&*t ' ' 

80. *»f ffr #*ll6ffl*78«4Lt JKS^H^^It ' &t ' &.M. 
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8i. *. t tf %-*i$im gim^-^m^rn • &t • %- 
i$st® *m f & fciL3L&yiL%z.nH$LSL$;it ft* m 

5 82. f tfr + fcl &g #78^41 ««^t*3Ufcft '^t - 

^jtS -f t *^JE£&i&lS4Lfl;te&jL£teft* |SJ 

83. *a *Mt-#-#'Jf&® $ 78**.fc*^|tJMfcft - At'l- 

jE. ® 4 #J * * ^*t<lt (SJ ^9 & #j£Uf ft t M 
io teflrJ. 4. * jfc Bfl*i it * • 

84. — ««JW=T* ' **«#^*i4L*4-«^«t* 

: 

15 ft ft fe ^ ffij £ 4L - i& £ 4B * M 4L #J ^ $ 

^ > |S]*i&.iL£ifc4fcff ft*afc*t*f*t* ' iMfft&t&m 
4L^tfta^4L-ftft ; ail 

20 iLSf ' 

85. 4e ftf ^-^JjRLffl *84«4L«JBIT<t*.jjR«t ' & t ' #T# 
*L4Lftft&^/Sfr^i&tfl«ftft o 

86. & t ft-M'Jftffi 3M4«^«jg^H$.$ft - £ : 
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87. *a f If 4M'JI£ffl ^84^^t^^Tt|fL^|f ' *t • ffl^ 

89. *> tff #*ll£ffl£84:**.««*ritJfr.«tt • *t • Jbffl 
& M & * Iffl A'M**§ fa^^ffi • 
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